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small repositioning steps of all six
feet, and an overall backwards
movement of the centre of mass prior
to the jump. In contrast, if the middle
legs are initially standing behind the
centre of mass — which would favour
an inappropriate forward jump towards
the stimulus — the preparatory
movements include large forwards
movements of the middle legs and
a large backwards motion of the centre
of mass. Subsequent middle leg
extension propels the animal correctly
backwards and away from the threat.
Such observations demonstrate that
the fly has planned an escape
trajectory prior to executing the main
part of the jump.
Are there parallels to this motor
planning in other insects? Locusts flex
their large hind legs in preparation for
a jump, and their take-off angle is
governed by this flexed posture [8].
Simultaneous movements of the fore
and middle legs govern the direction
[9] — although somewhat less precisely
than for the fruit fly. Although it is not
known whether the locusts’
movements take into account the initial
posture of the animal, there is evidence
to suggest that they could do so.
During aimed scratching, for example,
different limb trajectories are used to
reach a common target site from
different initial limb postures [10]. The
start posture is signalled by internal
sensory receptors that are known
to influence ongoing movements.
Card and Dickinson’s [1] work very
neatly demonstrates that a fruit fly
plans a successful escape that takes
into account both the initial posture
and the direction of approach of the
stimulus. The preparatory movements
made by a fly occur up to 100
milliseconds before the jump, and
indeed are not necessarily followed
by a jump at all: some flies make the
preparatory movements but don’t leap
into the air. Card and Dickinson [1]
suggest that the whole escape
behaviour is essentially modular,
with earlier components such as leg
re-positioning being activated at
lower thresholds (earlier during an
approaching stimulus) than are
the later actions such as wing raising
and leg extension.
So where in the central nervous
system might these plans be
computed? In primates like ourselves,
motor planning involves activity
spanning several regions of the brain,
including the prefrontal cortex,
premotor cortex and the cerebellum.
The brains of insects contain many
fewer neurons than those of
vertebrates but are nevertheless highly
complex, and are similarly organised
into specialised regions. One of these
in particular, the central complex, has
been implicated in aspects of motor
control including limb coordination.
In Drosophila, mutations that disrupt
central body function lead to locomotor
deficits such as an inability to properly
regulate step length or to orient
towards attractive landmarks
(reviewed in [11]). On the other hand,
a large body of work tells us that many
aspects of insect limb motor control are
devolved to the chain of thoracic
ganglia that form part of the ventral
nerve cord. For example, just one of
these ganglia is sufficient to generate
aimed scratching movements in
a locust [12], and a headless fruit fly
can walk and groom [13]. A challenge
for the future is to see if the genetically
tractable Drosophila continues to give
us new ways of identifying and
dissecting apart the neuronal
structures responsible for motor
planning.
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R743Golgi Inheritance: Rab Rides the
Coat-Tails
A recent study describes a role for a Rab GTPase previously implicated in
endoplasmic reticulum andmitochondrial inheritance and for a COPI coatomer
subunit in the targeting of a type V myosin to the late Golgi in yeast.
Liza A. Pon
Organelle inheritance is the process
whereby organelles are transferred
from mother to daughter cells
during cell division. Much of what
we know about this process has
been determined in the budding
yeast, Saccharomyces cerevisiae,
a cell type that undergoes
polarized growth and asymmetric
cell division. These studies have
revealed mechanisms for organelle
inheritance not just for mitochondria
and endoplasmic reticulum (ER),
which can be produced only
from pre-existing organelles,
but also for the Golgi apparatus,
peroxisomes and vacuoles,
which can be produced
de novo.
Functions of Ypt11p, Ret2p and Myo2p
in Inheritance of Late Golgi
In budding yeast, the Golgi is not
arranged in stacks. Rather, individual
Golgi cisternae are scattered
throughout the cytoplasm. As a result,
the inheritance of different Golgi
compartments can and does occur by
different mechanisms. Early Golgi is
produced de novo from ER that is
present in buds. Late Golgi can be
produced de novo but additionally can
be inherited by actin-dependent
organelle transport to and retention in
the bud [1,2]. Actin cables — bundles
of F-actin that assemble at sites of
polarized secretion in the bud and align
along the mother–bud axis — have
been implicated as the tracks for
bud-directed movement of
mitochondria, secretory vesicles, ER,
peroxisomes, and vacuoles during
inheritance [3]. Late Golgi membranes
localize to sites of actin-cable
assembly and polarized secretion and
undergo mislocalization upon
destabilization of the actin cytoskeleton.
Moreover, loss-of-function mutations in
the Myo2p motor domain result in
defects in late Golgi localization and
partial defects in the inheritance of this
compartment [2]. These findings
support a role for Myo2p and the actin
cytoskeleton in the distribution and
inheritance of late Golgi.
Work by Arai et al. [4], published in
a recent issue of Current Biology,
confirms and extends these
observations. They find that Ypt11p,
a Rab GTPase that binds to Myo2p at
its carboxy-terminal tail, exhibits
high-affinity binding to Ret2p, a subunit
of the COPI coatomer complex. Further
analysis revealed that deletion of
YPT11 results in defects in localization
of late Golgi to the bud and that
overexpression of YPT11 results in
enhanced accumulation of Ret2p and
late Golgi in the bud. Mutations in RET2
that reduce its affinity for Ypt11p were
found to suppress the effect of YPT11
overexpression. Finally, Arai et al.
[4] provide direct evidence that late
Golgi membranes undergo linear,
bud-directed movement in dividing
yeast and that deletion of YPT11 or
destabilization of actin inhibits late
Golgi movement. Overall, these
findings suggest that Ypt11p and
Ret2p are receptors for Myo2p on late
Golgi membranes and that correct
targeting of Myo2p to the late Golgi
is required for actin-dependent
polarized movement and inheritance
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this mechanism for organelle
inheritance may have broader
consequences in the inheritance of
other organelles.
Ypt11p Function in ER Inheritance
In yeast, the ER localizes to two
distinct regions that utilize different
mechanisms for inheritance. Nuclear
ER (nER) is continuous with the nuclear
envelope, and cortical ER (cER) forms
a reticulum that underlies the plasma
membrane [5]. Since the nuclear
envelope does not break down during
mitosis in budding yeast, nER
inheritance is linked to nuclear
migration and inheritance [6]. In
contrast, during its inheritance, cER
undergoes polarized, actin-dependent
movement towards the bud [7]. cER
that is transported to the bud is first
anchored in the bud tip and later
redistributed over the bud cortex [6,8].
Ypt11p is concentrated in
a bud-localized subset of cER in
budding yeast [8]. Moreover,
overexpression of YPT11 results in
enhanced retention of cER in the bud
[9,10]. These studies support a role for
Ypt11p in cER inheritance. How can we
reconcile the roles of Ypt11p and
Myo2p in the inheritance of late Golgi
and cER? In addition, bud-directed
movement of cER and of
cER-associated mRNAs that encode
polarity and exocytosis factors is
dependent upon Myo4p, another type
V myosin [7,11]. Why does cER
inheritance utilize two different
type V myosins?
The answers to these questions may
derive from the fact that Ret2p is
a component of the coat of COPI
vesicles [12]. COPI coats mediate the
retrieval of luminal ER enzymes and of
recycling cargo adaptor proteins from
the Golgi, as well as the retrograde
transport of recycling vesicles to the
ER. COPI vesicles may also mediate
anterograde transport of secreted
cargo or retrograde traffic of Golgi
enzymes between Golgi cisternae
[13]. In light of this, it is possible that
Ypt11p and Myo2p are targeted not just
to Ret2p-containing late Golgi
membranes, but also to
Ret2p-containing COPI recycling
vesicles that consist of ER membranes
and proteins. If this were the case, then
Myo2p could drive the movement of ER
recycling vesicles from mother cells to
buds. These ER recycling vesicles
could then contribute to cERinheritance by fusing with cER that is
transported to the bud by Myo4p.
Beyond this, these studies
underscore the existence of multiple
mechanisms for localization of the
secretion machinery to the bud.
Indeed, since yeast growth during cell
division occurs by polarized secretion
into the bud, the localization of ER and
Golgi to the bud is critical not only for
the inheritance of these organelles, but
also for the localization of the secretion
machinery to sites of polarized
cell-surface growth, and for the
asymmetric localization and
site-specific translation of mRNAs
that encode membrane-bound factors
for polarity and secretion. In light
of this, it is not surprising that there
are multiple mechanisms to
achieve this goal, including:
Myo2p–Ypt11p–Ret2p-mediated
bud-directed transport of late Golgi
and possibly ER recycling vesicles;
Myo4p-mediated bud-directed
transport of cER; and de novo
synthesis of early and late Golgi
within the bud.
Ypt11p Function in Mitochondrial
Inheritance
Previous studies also revealed a role
for Ypt11p and Myo2p in mitochondrial
inheritance, because mutation of either
protein was reported to inhibit
mitochondrial inheritance. Moreover,
overexpression of YPT11 results in the
enhanced accumulation of
mitochondria in the bud, and mutations
in Myo2p that reduce its affinity for
Ypt11p suppress this overexpression
phenotype [14]. Cell-free studies
indicate that Myo2p has the capacity to
associate with mitochondria and that
mutation of the globular tail of Myo2p
alters mitochondrial distribution
[15]. Nonetheless, deletion of YPT11, or
mutations that result in loss of Myo2p
motor function or a reduction in Myo2p
step size, have no detectable effect on
the velocity of mitochondrial
movement. Instead, mutation in YPT11
or MYO2 inhibits anchorage of newly
inherited mitochondria in the bud tip
[16]. Together, these studies support
the model that Ypt11p and Myo2p drive
the bud-tip-directed transport, not of
mitochondria themselves, but of
a factor or factors required for retention
of mitochondria at that site.
The finding that Ypt11p is required
for retention of newly inherited
mitochondria in the bud further
complicates its role in organelle
inheritance. Nonetheless, it is possible
that factors that mediate anchorage
of mitochondria in the bud tip reside in
the ER or late Golgi membranes and
undergo Ypt11p- and Myo2p-mediated
transport to the bud tip. Indeed,
mitochondria have physical and
functional interactions with ER and
Golgi during phospholipid biosynthesis
[17]. Thus, this mechanism could
coordinate the inheritance of these
functionally related organelles.
Overall, Arai et al. [4] have uncovered
a mechanism for targeting Myo2p to
late Golgi membranes in budding yeast
and show that this event is critical for
late Golgi movement during
inheritance. These findings also reveal
novel functions for a Rab GTPase that
had been previously implicated in ER
and mitochondrial inheritance and for
a COPI coatomer subunit. Finally, the
new work provides evidence for the
coordinated inheritance of functionally
related organelles.
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An overarching goal in systems
neuroscience is understanding cellular
circuitry that implements neural
computation to produce adaptive
behavior. One of the most enduring
computational neural models is the
so-called Reichardt correlation
detector [1] (Figure 1), which describes
how the brain can compute visual
motion from changing patterns of
contrast as an object moves in front
of a creature’s eyes. Reichardt and
others [2–4] elaborated the original
model and determined that it
quantitatively predicts behavior ofin Saccharomyces cerevisiae. J. Cell Biol. 153,
47–62.
3. Pruyne, D., Legesse-Miller, A., Gao, L.,
Dong, Y., and Bretscher, A. (2004). Mechanisms
of polarized growth and organelle segregation
in yeast. Annu. Rev. Cell Dev. Biol. 20, 559–591.
4. Arai, S., Noda, Y., Kainuma, S., Wada, I., and
Yoda, K. (2008). Ypt11 functions in bud-
directed transport of the Golgi by linking
Myo2 to the coatomer subunit Ret2. Curr.
Biol. 18, 987–991.
5. Preuss, D., Mulholland, J., Kaiser, C.A.,
Orlean, P., Albright, C., Rose, M.D.,
Robbins, P.W., and Botstein, D. (1991).
Structure of the yeast endoplasmic reticulum:
localization of ER proteins using
immunofluorescence and immunoelectron
microscopy. Yeast 7, 891–911.
6. Fehrenbacher, K.L., Davis, D., Wu, M.,
Boldogh, I., and Pon, L.A. (2002). Endoplasmic
reticulum dynamics, inheritance, and
cytoskeletal interactions in budding yeast. Mol.
Biol. Cell 13, 854–865.
7. Estrada, P., Kim, J., Coleman, J., Walker, L.,
Dunn, B., Takizawa, P., Novick, P., and
Ferro-Novick, S. (2003). Myo4p and She3p are
required for cortical ER inheritance in
Saccharomyces cerevisiae. J. Cell Biol. 163,
1255–1266.
8. Wiederkehr, A., Du, Y., Pypaert, M., Ferro-
Novick, S., and Novick, P. (2003). Sec3p is
needed for the spatial regulation of secretion
and for the inheritance of the cortical
endoplasmic reticulum. Mol. Biol. Cell 14,
4770–4782.
9. Buvelot Frei, S., Rahl, P.B., Nussbaum, M.,
Briggs, B.J., Calero, M., Janeczko, S.,
Regan, A.D., Chen, C.Z., Barral, Y.,
Whittaker, G.R., et al. (2006). Bioinformatic and
comparative localization of Rab proteins
reveals functional insights into the
uncharacterized GTPases Ypt10p and Ypt11p.
Mol. Cell. Biol. 26, 7299–7317.
10. Frederick, R.L., Okamoto, K., and Shaw, J.M.
(2008). Multiple pathways influence
mitochondrial inheritance in budding yeast.
Genetics 178, 825–837.e: Revealing the
ircuitry
t allow the removal of specific classes
etermining the neural implementation
motion detection.
whole animals from human
psychophysics to optomotor
responses of flying flies. Elucidating
how the model is implemented at the
cellular level has proven difficult,
despite 50 years of concerted effort.
Recently, however, several
laboratories [5,6] using new molecular
techniques and a high-throughput
assay with the fruit fly Drosophila
melanogaster have made progress
and ushered in a new era.
The Reichardt model not only
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how does one map the model’s three
simple computational elements onto
neurons? The input channels are
obviously photoreceptors; and in the
fly visual system (Figure 2), in the
third optic neuropil (the lobula plate),
several classes of individually
identifiable neurons, called lobula
plate tangential cells (LPTCs), have
response properties that can be
modeled quite well as Reichardt
detectors [7].
Despite subjecting the intervening
neuropils to batteries of techniques
for four decades, we are still
ignorant about much of the cellular
implementation of this algorithm
between photoreceptors and LPTCs.
Spatial information is retained
by the columnar organization
of the intervening neuropils,
and appropriately phased
stimulation of just two neighboring
photoreceptors is sufficient to elicit
directionally-selective excitation or
